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(54) OPTICAL AMPLIFICATION DEVICE AND MULTI-PORT WAVELENGTH DIVISION 
MULTIPLEXING COUPLER

(57) Embodiments of this application disclose an op-
tical amplification apparatus and a multi-port wavelength
division multiplexing coupler, configured to amplify an
optical signal. The optical amplification apparatus in em-
bodiments of this application includes: a first pump
source, where the first pump source is configured to pro-
vide first pump light, the first pump light is configured to
amplify a plurality of first optical signals; a first multi-port
wavelength division multiplexing coupler, where the first
multi-port wavelength division multiplexing coupler is
configured to couple the plurality of first optical signals
and the first pump light; and an active optical fiber con-
nection cable, where the active optical fiber connection
cable includes an active doped fiber for transmitting and
amplifying a plurality of third optical signals, and the plu-
rality of third optical signals are optical signals obtained
by coupling the plurality of first optical signals to the first
pump light. In embodiments of this application, the optical
amplification apparatus couples first optical signals with
different wavelengths through a multi-port wavelength di-
vision multiplexing coupler, to amplify the first optical sig-
nals with different wavelengths, thereby reducing a size
of an optical amplifier.
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Description

TECHNICAL FIELD

[0001] This application claims priority to Chinese Pat-
ent Application No. 202011063407.0, filed with the China
National Intellectual Property Administration on Septem-
ber 30, 2020 and entitled "OPTICAL AMPLIFICATION
APPARATUS AND MULTI-PORT WAVELENGTH DIVI-
SION MULTIPLEXING COUPLER", which is incorporat-
ed herein by reference in its entirety.

BACKGROUND

[0002] An optical amplifier is configured to compensate
for a power loss of optical signals caused during optical
fiber transmission. A doped fiber amplifier is a most com-
monly used all-optical amplifier. A principle of the doped
fiber amplifier is to perform wide-spectrum optical ampli-
fication based on active optical fibers.
[0003] In an optical transmission network, a single
doped fiber amplifier may simultaneously amplify optical
signals with different wavelengths. However, a single
doped fiber amplifier cannot be used to simultaneously
amplify a plurality of optical signals with a same wave-
length. Therefore, to implement a function of simultane-
ously amplifying a plurality of optical fiber signals, a plu-
rality of doped fiber amplifiers are generally superim-
posed to form an optical amplifier array.
[0004] However, in an actual application process, a
manner of superimposing a plurality of doped fiber am-
plifiers increases a size of the optical amplifier array, and
makes it difficult to deploy the optical amplifier array on
a site with a small operation space.

SUMMARY

[0005] Embodiments of this application provide an op-
tical amplification apparatus and a multi-port wavelength
division multiplexing coupler, configured to amplify opti-
cal signals with different wavelengths. The optical ampli-
fication apparatus may perform optical amplification on
the first optical signals with different wavelengths, there-
by reducing a size of the optical amplification apparatus,
and reducing a space required for deploying an array of
the optical amplification apparatus. This simplifies de-
ployment of the optical amplification apparatus.
[0006] A first aspect of embodiments of this application
provides an optical amplification apparatus, including:
a plurality of input ends, configured to receive a plurality
of first optical signals with different wavelengths; a plu-
rality of output ends, configured to output a plurality of
second optical signals, where the plurality of second op-
tical signals are optical signals obtained by amplifying
the plurality of first optical signals; a first pump source,
where the first pump source is configured to provide first
pump light for amplifying the plurality of first optical sig-
nals; a first multi-port wavelength division multiplexing

coupler, where the first multi-port wavelength division
multiplexing coupler includes a plurality of first connec-
tion ports connected to the plurality of input ends, and
the first multi-port wavelength division multiplexing cou-
pler is configured to couple the plurality of first optical
signals and the first pump light; and an active optical fiber
connection cable, where the active optical fiber connec-
tion cable includes an active doped fiber for transmitting
and amplifying a plurality of third optical signals, and the
plurality of third optical signals are optical signals ob-
tained by coupling the plurality of first optical signals to
the first pump light; and the plurality of input ends are
connected to the first multi-port wavelength division mul-
tiplexing coupler, the first pump source is connected to
the first multi-port wavelength division multiplexing cou-
pler through a first optical fiber connection cable, the first
multi-port wavelength division multiplexing coupler is
connected to the active optical fiber connection cable,
the active optical fiber connection cable is connected to
the plurality of output ends, and the first optical fiber con-
nection cable is configured to transmit the first pump light.
[0007] In embodiments of this application, the optical
amplification apparatus may perform optical amplifica-
tion on the first optical signals with different wavelengths,
thereby reducing a size of the optical amplification appa-
ratus, and reducing a space required for deploying an
array of the optical amplification apparatus. This simpli-
fies deployment of the optical amplification apparatus.
[0008] Based on an implementation of the first aspect,
in a possible implementation, the first multi-port wave-
length division multiplexing coupler includes a fused-ta-
pered region, the fused-tapered region includes a plural-
ity of second optical fiber connection cables respectively
connected to the plurality of first connection ports, so that
the plurality of first optical signals are transmitted through
the second optical fiber connection cables, and the first
optical fiber connection cable is coupled to the plurality
of second optical fiber connection cables in the fused-
tapered region.
[0009] In embodiments of this application, the plurality
of second optical fiber connection cables are coupled to
the first optical fiber connection cable configured to trans-
mit the first pump light through the fused-tapered region,
thereby reducing a size of the multi-port wavelength di-
vision multiplexing coupler.
[0010] Based on the implementation of the first aspect,
in a possible implementation, the fused-tapered region
further includes a plurality of third optical fiber connection
cables respectively arranged between the first optical fib-
er connection cable and the plurality of second optical
fiber connection cables, the first optical fiber connection
cable is coupled to the third optical fiber connection ca-
bles, and the third optical fiber connection cables are
coupled to the second optical fiber connection cables.
[0011] In embodiments of this application, a third opti-
cal fiber connection cable is arranged between the first
optical fiber connection cable and the second optical fiber
connection cables to perform optical power adjustment,
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thereby improving operating flexibility of the multi-port
wavelength division multiplexing coupler.
[0012] Based on the implementation of the first aspect,
in a possible implementation, the first optical fiber con-
nection cable is separately bound with the plurality of
second optical fiber connection cables.
[0013] In embodiments of this application, the first op-
tical fiber connection cable is bound with the second op-
tical fiber connection cables, so that a contact area be-
tween the first optical fiber connection cable and the sec-
ond optical fiber connection cables is increased, and
pumping efficiency is improved.
[0014] Based on the implementation of the first aspect,
in a possible implementation, the optical amplification ap-
paratus further includes:
a gain flattening filter, where the gain flattening filter is
configured to perform gain flattening on fourth optical sig-
nals, the fourth optical signals are optical signals ob-
tained by transmitting and amplifying the third optical sig-
nals by the active doped fiber, and the gain flattening
filter is arranged on the active optical fiber connection
cable.
[0015] In embodiments of this application, the optical
amplification apparatus further includes a gain flattening
filter, so that gain flattening may be performed on the
fourth optical signals, thereby improving optical amplifi-
cation efficiency of the optical amplification apparatus.
[0016] Based on the implementation of the first aspect,
in a possible implementation, the gain flattening filter is
a grating.
[0017] In embodiments of this application, when the
gain flattening filter is the grating, implementability of the
solution is improved.
[0018] Based on the implementation of the first aspect,
in a possible implementation, a wavelength of the grating
is set to a wavelength section of the fourth optical signal,
so that the grating performs a function of gain flattening
filtering on the fourth optical signals.
[0019] In embodiments of this application, the wave-
length of the grating is set to the wavelength section of
the fourth optical signal, so that the function of gain flat-
tening filtering may be implemented on the fourth optical
signals.
[0020] Based on the implementation of the first aspect,
in a possible implementation, a wavelength of the grating
is set to a wavelength section of the first pump light, so
that the grating performs power distribution regulation on
the first pump light.
[0021] In embodiments of this application, a wave-
length of the grating is set to a wavelength of the first
pump light, so that the function of performing power dis-
tribution regulation on the first pump light may be imple-
mented.
[0022] Based on the implementation of the first aspect,
in a possible implementation, the plurality of output ends
are further configured to receive a plurality of first target
optical signals with different wavelengths;

the plurality of input ends are further configured to
output a plurality of second target optical signals,
and the plurality of second target optical signals are
optical signals obtained by amplifying the first target
optical signals;
the optical amplification apparatus further includes:

a second pump source, where the second pump
source is configured to provide second pump
light, and the second pump light is configured to
amplify the plurality of first target optical signals;
and
a second multi-port wavelength division multi-
plexing coupler, where the second multi-port
wavelength division multiplexing coupler in-
cludes a plurality of second connection ports,
the plurality of second connection ports are con-
nected to the plurality of output ends, and the
second multi-port wavelength division multiplex-
ing coupler is configured to couple the plurality
of first target optical signals and the second
pump light;
the active doped fiber is further configured to
transmit and amplify a plurality of third target op-
tical signals, and the plurality of third target op-
tical signals are optical signals obtained by cou-
pling the plurality of first target optical signals to
the second pump light; and
the plurality of output ends are connected to the
second multi-port wavelength division multiplex-
ing coupler, the second pump source is connect-
ed to the second multi-port wavelength division
multiplexing coupler, the second multi-port
wavelength division multiplexing coupler is con-
nected to the active optical fiber connection ca-
ble, and the active optical fiber connection cable
is connected to the first multi-port wavelength
division multiplexing coupler.

[0023] In embodiments of this application, the pump
source and the multi-port wavelength division multiplex-
ing coupler are arranged at both the input ends and the
output ends, so that a bidirectional pumping function of
the optical amplification apparatus is implemented, and
multi-facetedness of the optical amplification apparatus
in actual application is improved.
[0024] Based on the implementation of the first aspect,
in a possible implementation, the active optical fiber con-
nection cable is an active optical fiber connection cable
of a plurality of arrays.
[0025] In embodiments of this application, the active
optical fiber connection cable is the active optical fiber
connection cable of the plurality of arrays, thereby im-
proving implementability of the solution.
[0026] Based on the implementation of the first aspect,
in a possible implementation, the active optical fiber con-
nection cable of the plurality of arrays is formed in a form
of discrete optical fibers.
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[0027] In embodiments of this application, the active
optical fiber connection cable of the plurality of arrays is
formed in the form of discrete optical fibers, thereby im-
proving implementability of the solution.
[0028] Based on the implementation of the first aspect,
in a possible implementation, the active optical fiber con-
nection cable of the plurality of arrays is formed in a form
of ribbon optical fibers or bundle optical fibers.
[0029] In embodiments of this application, the active
optical fiber connection cable of the plurality of arrays is
formed in the form of ribbon optical fibers or bundle optical
fibers, thereby reducing a size of the active optical fiber
connection cable of the plurality of arrays.
[0030] Based on the implementation of the first aspect,
in a possible implementation, one end of the active optical
fiber connection cable of the plurality of arrays is formed
in a form of discrete optical fibers, and the other end is
formed in a form of ribbon optical fibers or bundle optical
fibers.
[0031] In embodiments of this application, one end of
the active optical fiber connection cable of the plurality
of arrays is formed in the form of discrete optical fibers,
and the other end is formed in the form of ribbon optical
fibers or bundle optical fibers, thereby improving flexibility
of arranging the active optical fiber connection cable of
the plurality of arrays.
[0032] Based on the implementation of the first aspect,
in a possible implementation, the optical amplification ap-
paratus further includes:
an optical isolator, where the optical isolator is arranged
at the plurality of input ends or the plurality of output ends,
and is configured to isolate reflected light of the plurality
of first optical signals or reflected light of the plurality of
second optical signals.
[0033] In embodiments of this application, when the
optical amplification apparatus further includes the opti-
cal isolator, the reflected light of the optical signals may
be reduced, thereby improving optical amplification effi-
ciency.
[0034] Based on the implementation of the first aspect,
in a possible implementation, the optical isolator is an
integrated optical isolator or a spatial optical isolator.
[0035] In embodiments of this application, the optical
isolator is the integrated optical isolator or the spatial op-
tical isolator, thereby improving implementability of the
solution.
[0036] Based on the implementation of the first aspect,
in a possible implementation, the active doped fiber is an
erbium doped fiber or a bi-doped fiber.
[0037] In embodiments of this application, when the
active doped fiber is the erbium doped fiber or the bi-
doped fiber, optical amplification efficiency is improved.
[0038] Based on the implementation of the first aspect,
in a possible implementation, the first multi-port wave-
length division multiplexing coupler is manufactured in a
fused biconical coupling manner.
[0039] In embodiments of this application, a manufac-
turing manner of the first multi-port wavelength division

multiplexing coupler is described, thereby improving im-
plementability of the solution.
[0040] Based on the implementation of the first aspect,
in a possible implementation, the first multi-port wave-
length division multiplexing coupler is manufactured in a
multi-layer film coupling manner.
[0041] In embodiments of this application, a manufac-
turing manner of the first multi-port wavelength division
multiplexing coupler is described, thereby improving im-
plementability of the solution.
[0042] Based on the implementation of the first aspect,
in a possible implementation, the first multi-port wave-
length division multiplexing coupler is manufactured in a
grating coupling manner.
[0043] In embodiments of this application, a manufac-
turing manner of the first multi-port wavelength division
multiplexing coupler is described, thereby improving im-
plementability of the solution.
[0044] A second aspect of this application provides a
multi-port wavelength division multiplexing coupler.
[0045] A multi-port wavelength division multiplexing
coupler includes:

a plurality of first connection ports, configured to re-
ceive a plurality of first optical signals with different
wavelengths; and
the plurality of first connection ports are further con-
figured to receive first pump light for amplifying the
plurality of first optical signals; and
a fused-tapered region, configured to couple the plu-
rality of first optical signals and the first pump light.

[0046] In embodiments of this application, the multi-
port wavelength division multiplexing coupler may per-
form optical amplification on first optical signals with dif-
ferent wavelengths, thereby reducing a size of the multi-
port wavelength division multiplexing coupler, and reduc-
ing a space required for deploying an array of the optical
amplification apparatus. This simplifies deployment of
the optical amplification apparatus.
[0047] Based on the multi-port wavelength division
multiplexing coupler of the second aspect, in a possible
implementation, the fused-tapered region includes a first
optical fiber connection cable, configured to transmit the
first pump light;

the fused-tapered region further includes a plurality
of second optical fiber connection cables configured
to transmit the first optical signals; and
the first optical fiber connection cable is coupled to
the plurality of second optical fiber connection cables
in the fused-tapered region.

[0048] In embodiments of this application, the plurality
of second optical fiber connection cables are coupled to
the first optical fiber connection cable configured to trans-
mit the first pump light through the fused-tapered region,
thereby reducing a size of the multi-port wavelength di-
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vision multiplexing coupler.
[0049] Based on the multi-port wavelength division
multiplexing coupler of the second aspect, in a possible
implementation, the fused-tapered region further in-
cludes a plurality of third optical fiber connection cables
respectively arranged between the first optical fiber con-
nection cable and the plurality of second optical fiber con-
nection cables, the first optical fiber connection cable is
coupled to the third optical fiber connection cables, and
the third optical fiber connection cables are coupled to
the second optical fiber connection cables.
[0050] In embodiments of this application, a third opti-
cal fiber connection cable is arranged between the first
optical fiber connection cable and the second optical fiber
connection cables to perform optical power adjustment,
thereby improving operating flexibility of the multi-port
wavelength division multiplexing coupler.
[0051] Based on the multi-port wavelength division
multiplexing coupler of the second aspect, in a possible
implementation, the first optical fiber connection cable is
separately bound with the plurality of second optical fiber
connection cables.
[0052] In embodiments of this application, the first op-
tical fiber connection cable is bound with the second op-
tical fiber connection cables, so that a contact area be-
tween the first optical fiber connection cable and the sec-
ond optical fiber connection cables is increased, and
pumping efficiency is improved.
[0053] A third aspect of embodiments of this applica-
tion provides an optical amplifier board.
[0054] The optical amplifier board includes:

a first pump source, where the first pump source is
configured to provide first pump light; and
a first multi-port wavelength division multiplexing
coupler, configured to receive a plurality of first op-
tical signals with different wavelengths;
the first multi-port wavelength division multiplexing
coupler is further configured to couple the plurality
of first optical signals and the first pump light; and
the first pump source is connected to the first multi-
port wavelength division multiplexing coupler.

[0055] In embodiments of this application, a wave-
length division multiplexing coupler performs optical am-
plification on a plurality of first optical signals with different
wavelengths, so that a size of an optical amplifier board
integrating an optical amplification apparatus is reduced,
and a space required for deploying the optical amplifier
board integrating the optical amplification apparatus is
reduced. This simplifies deployment of the optical ampli-
fier board integrating the optical amplification apparatus.
[0056] Based on the optical amplifier board of the third
aspect, in a possible implementation, the first multi-port
wavelength division multiplexing coupler includes a
fused-tapered region, the fused-tapered region includes
a first optical fiber connection cable, and the first optical
fiber connection cable is configured to transmit first pump

light;

the fused-tapered region further includes a plurality
of second optical fiber connection cables are config-
ured to transmit the first optical signals; and
the first optical fiber connection cable is coupled to
the plurality of second optical fiber connection cables
in the fused-tapered region.

[0057] In embodiments of this application, the plurality
of second optical fiber connection cables are coupled to
the first optical fiber connection cable configured to trans-
mit the first pump light through the fused-tapered region,
thereby reducing a size of the multi-port wavelength di-
vision multiplexing coupler.
[0058] Based on the optical amplifier board of the third
aspect, in a possible implementation, the fused-tapered
region further includes a plurality of third optical fiber con-
nection cables respectively arranged between the first
optical fiber connection cable and the plurality of second
optical fiber connection cables, the first optical fiber con-
nection cable is coupled to the third optical fiber connec-
tion cables, and the third optical fiber connection cables
are coupled to the second optical fiber connection cables.
[0059] In embodiments of this application, a third opti-
cal fiber connection cable is arranged between the first
optical fiber connection cable and the second optical fiber
connection cables to perform optical power adjustment,
thereby improving operating flexibility of the multi-port
wavelength division multiplexing coupler.
[0060] Based on the optical amplifier board of the third
aspect, in a possible implementation, the first optical fiber
connection cable is separately bound with the plurality
of second optical fiber connection cables.
[0061] In embodiments of this application, the first op-
tical fiber connection cable is bound with the second op-
tical fiber connection cables, so that a contact area be-
tween the first optical fiber connection cable and the sec-
ond optical fiber connection cables is increased, and
pumping efficiency is improved.
[0062] Based on the optical amplifier board of the third
aspect, in a possible implementation, the optical amplifier
board further includes:
an active optical fiber connection cable, where the active
optical fiber connection cable includes an active doped
fiber for transmitting and amplifying a plurality of third
optical signals, the plurality of third optical signals are
optical signals obtained by coupling the plurality of first
optical signals to the first pump light, the plurality of first
optical signals are received by the first multi-port wave-
length division multiplexing coupler, and wavelengths of
the plurality of first optical signals are different.
[0063] In embodiments of this application, the plurality
of third optical signals are transmitted and amplified
through the active optical fiber connection cable, thereby
improving implementability of the solution.
[0064] Based on the optical amplifier board of the third
aspect, in a possible implementation, the optical amplifier
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board further includes:
a gain flattening filter, where the gain flattening filter is
configured to perform gain flattening on fourth optical sig-
nals, the fourth optical signals are optical signals ob-
tained by transmitting and amplifying the third optical sig-
nals by the active doped fiber, and the gain flattening
filter is arranged on the active optical fiber connection
cable.
[0065] In embodiments of this application, the optical
amplifier board further includes a gain flattening filter, so
that gain flattening may be performed on the fourth optical
signal, thereby improving optical amplification efficiency
of the optical amplifier board.
[0066] Based on the optical amplifier board of the third
aspect, in a possible implementation, the gain flattening
filter is a grating.
[0067] In embodiments of this application, when the
gain flattening filter is the grating, implementability of the
solution is improved.
[0068] Based on the optical amplifier board of the third
aspect, in a possible implementation, a wavelength of
the grating is set to a wavelength section of the fourth
optical signal, so that the grating performs a function of
gain flattening filtering on the fourth optical signals.
[0069] In embodiments of this application, the wave-
length of the grating is set to the wavelength section of
the fourth optical signal, so that the function of gain flat-
tening filtering may be implemented on the fourth optical
signals.
[0070] Based on the optical amplifier board of the third
aspect, in a possible implementation, a wavelength of
the grating is set to a wavelength section of the first pump
light, so that the grating performs power distribution reg-
ulation on the first pump light.
[0071] In embodiments of this application, a wave-
length of the grating is set to a wavelength of the first
pump light, so that the function of performing power dis-
tribution regulation on the first pump light may be imple-
mented.
[0072] Based on the optical amplifier board of the third
aspect, in a possible implementation, the active optical
fiber connection cable is an active optical fiber connection
cable of a plurality of arrays.
[0073] In embodiments of this application, the active
optical fiber connection cable is the active optical fiber
connection cable of the plurality of arrays, thereby im-
proving implementability of the solution.
[0074] Based on the optical amplifier board of the third
aspect, in a possible implementation, the active optical
fiber connection cable of the plurality of arrays is formed
in a form of discrete fibers.
[0075] In embodiments of this application, the active
optical fiber connection cable of the plurality of arrays is
formed in the form of discrete optical fibers, thereby im-
proving implementability of the solution.
[0076] Based on the optical amplifier board of the third
aspect, in a possible implementation, the active optical
fiber connection cable of the plurality of arrays is formed

in a form of ribbon optical fibers or bundle optical fibers.
[0077] In embodiments of this application, the active
optical fiber connection cable of the plurality of arrays is
formed in the form of ribbon optical fibers or bundle optical
fibers, thereby reducing a size of the active optical fiber
connection cable of the plurality of arrays.
[0078] Based on the optical amplifier board of the third
aspect, in a possible implementation, one end of the ac-
tive optical fiber connection cable of the plurality of arrays
is formed in a form of discrete optical fibers, and the other
end is formed in a form of ribbon optical fibers or bundle
optical fibers.
[0079] In embodiments of this application, one end of
the active optical fiber connection cable of the plurality
of arrays is formed in the form of discrete optical fibers,
and the other end is formed in the form of ribbon optical
fibers or bundle optical fibers, thereby improving flexibility
of arranging the active optical fiber connection cable of
the plurality of arrays.
[0080] Based on the optical amplifier board of the third
aspect, the active doped fiber is an erbium doped fiber
or a bi-doped fiber.
[0081] In embodiments of this application, when the
active doped fiber is the erbium doped fiber or the bi-
doped fiber, optical amplification efficiency is improved.
[0082] A fourth aspect of this application provides an
optical backplane.
[0083] The optical backplane includes:

a first multi-port wavelength division multiplexing
coupler, configured to receive a plurality of first op-
tical signals with different wavelengths;
a first optical fiber connection cable, configured to
receive first pump light sent by a first pump source;
and
an active optical fiber connection cable, where the
active optical fiber connection cable includes an ac-
tive doped fiber for transmitting and amplifying a plu-
rality of third optical signals, and the plurality of third
optical signals are optical signals obtained by cou-
pling the plurality of first optical signals to the first
pump light; and
the first optical fiber connection cable is connected
to the first multi-port wavelength division multiplexing
coupler, and the active optical fiber connection cable
is connected to the first multi-port wavelength divi-
sion multiplexing coupler.

[0084] In embodiments of this application, a wave-
length division multiplexing coupler performs optical am-
plification on a plurality of first optical signals with different
wavelengths, so that a size of the optical backplane is
reduced, and a space required for deploying the optical
backplane is reduced. This simplifies deployment of the
optical backplane.
[0085] The first multi-port wavelength division multi-
plexing coupler includes a fused-tapered region, the
fused-tapered region includes a plurality of second opti-
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cal fiber connection cables respectively connected to the
plurality of first connection ports, so that the plurality of
first optical signals are transmitted through the second
optical fiber connection cables, and the first optical fiber
connection cable is coupled to the plurality of second
optical fiber connection cables in the fused-tapered re-
gion.
[0086] In embodiments of this application, the plurality
of second optical fiber connection cables are coupled to
the first optical fiber connection cable configured to trans-
mit the first pump light through the fused-tapered region,
thereby reducing a size of the multi-port wavelength di-
vision multiplexing coupler.
[0087] Based on the optical backplane of the fourth
aspect, in a possible implementation, the fused-tapered
region further includes a plurality of third optical fiber con-
nection cables respectively arranged between the first
optical fiber connection cable and the plurality of second
optical fiber connection cables, the first optical fiber con-
nection cable is coupled to the third optical fiber connec-
tion cables, and the third optical fiber connection cables
are coupled to the second optical fiber connection cables.
[0088] In embodiments of this application, a third opti-
cal fiber connection cable is arranged between the first
optical fiber connection cable and the second optical fiber
connection cables to perform optical power adjustment,
thereby improving operating flexibility of the multi-port
wavelength division multiplexing coupler.
[0089] Based on the optical backplane of the fourth
aspect, in a possible implementation, the first optical fiber
connection cable is separately bound with the plurality
of second optical fiber connection cables.
[0090] In embodiments of this application, the first op-
tical fiber connection cable is bound with the second op-
tical fiber connection cables, so that a contact area be-
tween the first optical fiber connection cable and the sec-
ond optical fiber connection cables is increased, and
pumping efficiency is improved.
[0091] Based on the optical backplane of the fourth
aspect, in a possible implementation, the active optical
fiber connection cable is an active optical fiber connection
cable of a plurality of arrays.
[0092] In embodiments of this application, the active
optical fiber connection cable is the active optical fiber
connection cable of the plurality of arrays, thereby im-
proving implementability of the solution.
[0093] Based on the optical backplane of the fourth
aspect, in a possible implementation, the active optical
fiber connection cable of the plurality of arrays is formed
in a form of discrete optical fibers.
[0094] In embodiments of this application, the active
optical fiber connection cable of the plurality of arrays is
formed in the form of discrete optical fibers, thereby im-
proving implementability of the solution.
[0095] Based on the optical backplane of the fourth
aspect, in a possible implementation, the active optical
fiber connection cable of the plurality of arrays is formed
in a form of ribbon optical fibers or bundle optical fibers.

[0096] In embodiments of this application, the active
optical fiber connection cable of the plurality of arrays is
formed in the form of ribbon optical fibers or bundle optical
fibers, thereby reducing a size of the active optical fiber
connection cable of the plurality of arrays.
[0097] Based on the optical backplane of the fourth
aspect, in a possible implementation, one end of the ac-
tive optical fiber connection cable of the plurality of arrays
is formed in a form of discrete optical fibers, and the other
end is formed in a form of ribbon optical fibers or bundle
optical fibers.
[0098] In embodiments of this application, one end of
the active optical fiber connection cable of the plurality
of arrays is formed in the form of discrete optical fibers,
and the other end is formed in the form of ribbon optical
fibers or bundle optical fibers, thereby improving flexibility
of arranging the active optical fiber connection cable of
the plurality of arrays.
[0099] Based on the optical backplane of the fourth
aspect, in a possible implementation, the active doped
fiber is an erbium doped fiber or a bi-doped fiber.
[0100] In embodiments of this application, when the
active doped fiber is the erbium doped fiber or the bi-
doped fiber, optical amplification efficiency is improved.
[0101] A fifth aspect of this application provides an op-
tical amplification system.
[0102] The optical amplification system includes:

an optical amplifier board, where the optical amplifier
board includes a first pump source configured to pro-
vide first pump light;
the optical amplifier board further includes a first mul-
ti-port wavelength division multiplexing coupler, con-
figured to receive a plurality of first optical signals
with different wavelengths;
the first multi-port wavelength division multiplexing
coupler is further configured to couple the plurality
of first optical signals and the first pump light; and
the first pump source is connected to the first multi-
port wavelength division multiplexing coupler; and
an optical backplane, where the optical backplane
includes an active optical fiber connection cable, the
active optical fiber connection cable includes an ac-
tive doped fiber for transmitting and amplifying a plu-
rality of third optical signals, and the plurality of third
optical signals are optical signals obtained by cou-
pling the plurality of first optical signals to the first
pump light; and
the optical amplifier board is connected to the optical
backplane.

[0103] In embodiments of this application, the optical
amplification system may perform optical amplification
on first optical signals with different wavelengths, thereby
reducing a size of the optical amplification system, and
reducing a space required for deploying the optical am-
plification system. This simplifies deployment of the op-
tical amplification system.
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[0104] According to the foregoing technical solutions,
it can be learned that embodiments of this application
have the following advantages.
[0105] In embodiments of this application, a wave-
length division multiplexing coupler is connected to the
plurality of input ends, and performs optical amplification
on the plurality of first optical signals with different wave-
lengths, thereby reducing the space required for deploy-
ing the array of the optical amplification apparatus, and
simplifying deployment of the optical amplification appa-
ratus.

BRIEF DESCRIPTION OF DRAWINGS

[0106]

FIG. 1 is a schematic structural diagram of an optical
amplification apparatus according to an embodiment
of this application;
FIG. 2 is another schematic structural diagram of an
optical amplification apparatus according to an em-
bodiment of this application;
FIG. 3 is a schematic structural diagram of a multi-
port wavelength division multiplexing coupler ac-
cording to an embodiment of this application;
FIG. 4 is another schematic structural diagram of a
multi-port wavelength division multiplexing coupler
according to an embodiment of this application;
FIG. 5 is another schematic structural diagram of a
multi-port wavelength division multiplexing coupler
according to an embodiment of this application;
FIG. 6 is another schematic structural diagram of a
multi-port wavelength division multiplexing coupler
according to an embodiment of this application;
FIG. 7 is a schematic structural diagram of an active
optical fiber connection cable according to an em-
bodiment of this application;
FIG. 8 is another schematic structural diagram of an
active optical fiber connection cable according to an
embodiment of this application;
FIG. 9 is another schematic structural diagram of an
active optical fiber connection cable according to an
embodiment of this application;
FIG. 10 is another schematic structural diagram of
an optical amplification apparatus according to an
embodiment of this application;
FIG. 11 is a schematic structural diagram of an op-
tical amplification system according to an embodi-
ment of this application;
FIG. 12 is a schematic structural diagram of an op-
tical backplane according to an embodiment of this
application;
FIG. 13 is a schematic structural diagram of an op-
tical amplifier board according to an embodiment of
this application; and
FIG. 14 is another schematic structural diagram of
an optical amplifier board according to an embodi-
ment of this application.

DESCRIPTION OF EMBODIMENTS

[0107] The following describes embodiments of this
application with reference to the accompanying draw-
ings. It is clear that the described embodiments are mere-
ly some but not all of embodiments of this application. A
person of ordinary skill in the art may learn that, with
technology development and emergence of new scenar-
ios, the technical solutions provided in embodiments of
this application are also applicable to a similar technical
problem.
[0108] In the specification, claims, and accompanying
drawings of this application, the terms "first", "second",
and so on are intended to distinguish between similar
objects but do not necessarily indicate a specific order
or sequence. It can be understood that the data termed
in such a way are interchangeable in proper circumstanc-
es so that embodiments of the present invention de-
scribed herein can be implemented in other orders than
the order illustrated or described herein. In addition, the
terms "include" and "have" and any other variants are
intended to cover the non-exclusive inclusion. For exam-
ple, a process, method, system, product, or device that
includes a list of steps or units is not necessarily limited
to those expressly listed steps or units, but may include
other steps or units not expressly listed or inherent to
such a process, method, product, or device.
[0109] FIG. 1 is a schematic structural diagram of an
optical amplification apparatus according to an embodi-
ment of this application.
[0110] Embodiments of this application provide an op-
tical amplification apparatus 100. The optical amplifica-
tion apparatus 100 includes a first multi-port wavelength
division multiplexing coupler 101, a first pump source
102, a plurality of input ends 103, a plurality of output
ends 104, and a plurality of active optical fiber connection
cables 105. The plurality of input ends 103 are connected
to the first multi-port wavelength division multiplexing
coupler 101, the first pump source 102 is connected to
the first multi-port wavelength division multiplexing cou-
pler 101 through a first optical fiber connection cable, the
first multi-port wavelength division multiplexing coupler
102 is connected to the plurality of active optical fiber
connection cables 105, and the plurality of active optical
fiber connection cables 105 are connected to the plurality
of output ends 103. It may be understood that in this
embodiment of this application, a quantity or a combina-
tion of components in the optical amplification apparatus
is not limited. For example, five input ends 103 may be
connected to the first multi-port wavelength division mul-
tiplexing coupler 102, or six input ends 103 may be con-
nected to the first multi-port wavelength division multi-
plexing coupler 102.
[0111] The optical amplification apparatus 100 re-
ceives a plurality of first optical signals with different
wavelengths through the plurality of input ends 103. It
may be understood that in an actual application process,
the wavelengths of the plurality of first optical signals may
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be partially the same, or may be partially different, or may
be completely different. This is not specifically limited
herein.
[0112] The first pump source 102 is configured to pro-
vide first pump light for amplifying the plurality of first
optical signals.
[0113] After receiving the plurality of first optical sig-
nals, the plurality of input ends 103 transmit the plurality
of first optical signals to the first multi-port wavelength
division multiplexing coupler 102 through a plurality of
first connection ports of the first multi-port wavelength
division multiplexing coupler 102, so that the first multi-
port wavelength division multiplexing coupler 102 cou-
ples the plurality of first optical signals and the first pump
light.
[0114] The active optical fiber connection cable 105
further includes an active doped fiber for transmitting and
amplifying a plurality of third optical signals, where the
plurality of third optical signals are optical signals ob-
tained by coupling the plurality of first optical signals to
the first pump light.
[0115] Specifically, after the first multi-port wavelength
division multiplexing coupler 102 couples the plurality of
first optical signals and the first pump light, the plurality
of third optical signals are obtained, and the plurality of
third optical signals are transmitted to the plurality of out-
put ends 104 through the active optical fiber connection
cable 105. The plurality of third optical signals are am-
plified in a transmission process when passing through
the active optical fiber connection cable 105 including
the active doped fiber.
[0116] After the plurality of third optical signals are
transmitted and amplified through the active optical fiber
connection cable 105, the plurality of second optical sig-
nals are obtained, and the plurality of second optical sig-
nals are output through the plurality of output ends 104.
[0117] Based on the optical amplification apparatus
described in FIG. 1, the following describes in detail an
optical amplification apparatus provided in embodiments
of this application.
[0118] FIG. 2 is another schematic structural diagram
of an optical amplification apparatus according to an em-
bodiment of this application.
[0119] This embodiment provides an optical amplifica-
tion apparatus, including a first multi-port wavelength di-
vision multiplexing coupler 201, a plurality of input ends
202, a first pump source 203, a plurality of output ends
204, and an active optical fiber connection cable 205.
[0120] The plurality of input ends 202 are connected
to the first multi-port wavelength division multiplexing
coupler 201, the first pump source 203 is connected to
the first multi-port wavelength division multiplexing cou-
pler 201 through a first optical fiber connection cable, the
first multi-port wavelength division multiplexing coupler
201 is connected to a plurality of active optical fiber con-
nection cables 205, and the plurality of active optical fiber
connection cables 205 are connected to the plurality of
output ends 204. The first optical fiber connection cable

is configured to transmit first pump light emitted by the
first pump source 203.
[0121] In this embodiment, a feature of distinguishing
the active optical fiber connection cable 205 from an or-
dinary optical fiber connection cable lies in that the active
optical fiber connection cable 205 further includes an ac-
tive doped fiber 206. The active doped fiber 206 may be
an erbium doped fiber (erbium doped fiber, EDF), or may
be a bi-doped fiber (Bi-doped fiber, BDF). It may be un-
derstood that the active doped fiber 206 may further be
another doped fiber. This is not specifically limited herein.
Notably, in this embodiment of this application, the active
optical fiber connection cable 205 may include one active
doped fiber 206, or may include a plurality of active doped
fibers 206. This is not specifically limited herein.
[0122] In an optical transmission network, when the
first optical signals need to be amplified, an optical port
configured to transmit the first optical signals may be re-
spectively connected to the input ends 202 and the output
ends 204, and the pump source is enabled, that is, the
first optical signals may be transmitted and amplified.
[0123] Specifically, the plurality of input ends 202 are
connected to the optical port, receive the plurality of first
optical signals from the optical port, and input the plurality
of first optical signals into the first multi-port wavelength
division multiplexing coupler 201 through a plurality of
first connection ports. After receiving the plurality of first
optical signals, the first multi-port wavelength division
multiplexing coupler 201 may sequentially distribute,
based on a specified split ratio, the first pump light in the
first pump source 203 to different second optical fiber
connection cables that may be amplified. In a process of
coupling the first pump light into a transmission optical
fiber of the first optical signal, a fused biconical wave-
length division multiplexing coupling technology may be
used. For example, a multi-layer film wavelength division
multiplexing coupling technology or a grating wavelength
division multiplexing coupling technology may be used.
This is not specifically limited herein.
[0124] Specifically, as shown in FIG. 3, the first multi-
port wavelength division multiplexing coupler 201 in-
cludes a fused-tapered region, the fused-tapered region
includes a plurality of second optical fiber connection ca-
bles respectively connected to the plurality of first con-
nection ports, so that the plurality of first optical signals
are transmitted through the second optical fiber connec-
tion cables, and the first optical fiber connection cable is
coupled to the plurality of second optical fiber connection
cables in the fused-tapered region.
[0125] The fused biconical taper wavelength division
multiplexing coupling technology is a manner in which
two or more optical fibers whose coatings are removed
are brought together in a specific manner, fused at a high
temperature, and stretched to both sides, and finally, a
special waveguide structure is formed in a form of a dou-
ble cone in a heating area, to implement transmission
optical power coupling. In this embodiment, in the fused-
tapered region, cladding of the first optical fiber connec-
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tion cable and cladding of the second optical fiber con-
nection cables are combined together, and fiber cores
are close enough to form weak coupling. In the coupling
process, the first pump light may enter the first optical
signal based on a specific split ratio by adjusting a cou-
pling coefficient. The coupling coefficient is a quantity
related to a wavelength. In a manufacturing process, the
coupling coefficient may be controlled by changing a con-
dition of the fused biconical taper, for example, adjusting
a distance of the biconical taper, or adjusting a temper-
ature of the biconical taper.
[0126] In this embodiment, the first optical fiber con-
nection cable is coupled to the second optical fiber con-
nection cables in the fused-tapered region in many man-
ners, which are specifically described below. As shown
in FIG. 4, the first optical fiber connection cable and the
second optical fiber connection cables are tapered in the
fused-tapered region, so that the first pump light trans-
mitted by the first optical fiber connection cable is cou-
pled, in a biconical taper manner, to the first optical sig-
nals transmitted by the second optical fiber connection
cables. After the coupling, a part of optical power of the
first pump light is coupled into the first optical signals,
and after being coupled into the part of first pump light,
the first optical signals continue to be transmitted along
the second optical fiber connection cables, thereby re-
ducing the first pump light of the part of optical power,
and the first optical signals continue to be transmitted
along the first optical fiber connection cable.
[0127] Further, as shown in FIG. 5, the first optical fiber
connection cable and the second optical fiber connection
cables may be bound and wound. After the bounding and
winding, a contact area between the first optical fiber con-
nection cable and the second optical fiber connection
cables is increased, and the first optical fiber connection
cable and the second optical fiber connection cables get
into contact more closely, thereby improving pumping
efficiency. Because the first optical fiber connection cable
and the second optical fiber connection cables are
bound, a problem of a loss of related optical power
caused by polarization may be avoided, and the pumping
efficiency is also improved.
[0128] In a possible implementation, as shown in FIG.
6, third optical fiber connection cables may be further
added in the fused-tapered region. The third optical fiber
connection cables may be arranged between the first op-
tical fiber connection cable and the second optical fiber
connection cables, so that the first optical fiber connec-
tion cable is coupled to the third optical fiber connection
cables, and the third optical fiber connection cables are
coupled to the second optical fiber connection cables. In
this embodiment, the third optical fiber connection cables
are arranged between the first optical fiber connection
cable and the second optical fiber connection cables, so
that direct strong coupling between the first optical fiber
connection cable and the second optical fiber connection
cables may be avoided, thereby playing a role of adjust-
ment. The first pump light transmitted by the first optical

fiber connection cable may be first coupled to the third
optical fiber connection cables, and a part of optical pow-
er is coupled to the third optical fiber connection cables.
Then, the third optical fiber connection cables are cou-
pled to the second optical fiber connection cables, and
a part of optical power is coupled to the second optical
fiber connection cables. In this way, the coupled optical
power may be flexibly adjusted through the third optical
fiber connection cables.
[0129] After the first pump light is coupled to the first
optical signals by the first multi-port wavelength division
multiplexing coupler 201, third optical signals are ob-
tained. The third optical signals are optical signals ob-
tained by coupling the first pump light to the first optical
signals. The third optical signals continue to be transmit-
ted through the active optical fiber connection cable 205.
When the third optical signals pass through the active
doped fiber 206, the active doped fiber excites element
ions to a high-energy state, so that a particle undergoes
stimulated radiation, thereby amplifying the third optical
signals.
[0130] In an actual application process, usually, there
are a plurality of active optical fiber connection cables in
the optical amplification apparatus, and the plurality of
active optical fiber connection cables are generally ar-
ranged in the optical amplification apparatus in a form of
an array. Specifically, there are a plurality of array forms,
which are separately described below.
[0131] As shown in FIG. 7, the active optical fiber con-
nection cables of the array are in a form of a plurality of
discrete optical fibers, and each active optical fiber con-
nection cable includes an optical fiber core, cladding, and
a coating. The optical fiber core is configured to transmit
an optical signal, the cladding is a protective fixing layer
for protecting the optical fiber core. The coating is an
outermost protective fixing layer for protecting the optical
fiber core and the cladding.
[0132] In a possible implementation, as shown in FIG.
8, the active optical fiber connection cables of the array
are formed in a form of bundle optical fibers. Each active
optical fiber connection cable includes an optical fiber
core, cladding, a coating, a buffer sheath, and a hard
jacket. The optical fiber core is configured to transmit an
optical signal. The cladding is a protective fixing layer for
protecting the optical fiber core. The coating is an outer-
most protective fixing layer for protecting the optical fiber
core and the cladding. The buffer sheath is configured
to wrap each individual active optical fiber connection
cable. The active optical fiber connection cables of the
array form a bundle shape, and a cross section is in a
circular or elliptical shape for protecting the individual ac-
tive optical fiber connection cable. Further, there is a hard
jacket at an outer layer of the buffer sheath for further
cushioning interference caused by an external force.
[0133] In a possible implementation, as shown in FIG.
9, the active optical fiber connection cables of the array
are formed in a form of ribbon optical fibers. Each active
optical fiber connection cable includes an optical fiber
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core, cladding, a coating, a buffer sheath, and a hard
jacket. The optical fiber core is configured to transmit an
optical signal, the cladding is a protective fixing layer for
protecting the optical fiber core. The coating is an outer-
most protective fixing layer for protecting the optical fiber
core and the cladding. The buffer sheath is configured
to wrap each individual active optical fiber connection
cable. The active optical fiber connection cables of the
array form a ribbon shape, and a cross section is in a
square shape for protecting the individual active optical
fiber connection cable. An outer layer of the buffer sheath
is a hard sheath, configured to further cushion interfer-
ence caused by an external force.
[0134] It may be understood that in an actual applica-
tion process, there are many other forming forms of the
active optical fiber connection cables of the array. For
example, one end is in a discrete form, and the other end
is in a bundle form; or one end is in a discrete form, and
the other end is in a ribbon form; or one end is in a bundle
form, and the other end is in a ribbon form. A specific
forming form of the active optical fiber connection cables
of the array is not limited.
[0135] In an actual application process, because a gain
spectrum based on the active doped fiber is not flat, in
order to implement gain flattening on the optical signal
transmitted in the active doped fiber, a gain flattening
filter may be further arranged in the active optical fiber
connection cables. Specifically, the gain flattening filter
is configured to perform gain flattening on fourth optical
signals, and the fourth optical signals are optical signals
obtained by transmitting and amplifying the third optical
signals by the active doped fiber.
[0136] In a possible implementation, the gain flattening
filter may be a grating. Specifically, the grating may be
set as a wavelength section of the fourth optical signal,
so that the grating performs a function of gain flattening
filtering on the fourth optical signals. In an actual appli-
cation process, one or more gratings may be arranged
in a single active optical fiber connection cable. For ex-
ample, one or more gratings are arranged in an active
doped fiber section, or one or more gratings are arranged
on an ordinary optical fiber of the active optical fiber con-
nection cables. This is not specifically limited herein. In
an optical fiber grating technology, because a long-period
optical fiber grating may disperse filtered signal light into
the cladding of the optical fiber instead of the optical fiber
core, impact on amplification performance of the system
is avoided. In grating filtering setting, a noise coefficient
of the optical amplifier may also be increased by using a
distribution filtering manner, thereby improving perform-
ance of the optical amplifier.
[0137] Further, a wavelength of the grating may further
be set to a wavelength section of the first pump light, so
that the grating performs power distribution regulation on
the first pump light. Specifically, a grating technology of
a fiber Bragg grating (Fiber Bragg Grating, FBG) may be
used, and power distribution regulation on the first pump
light on the active optical fiber connection cables is im-

plemented by controlling transmittance or reflectivity of
the FBG.
[0138] Further, factors such as spontaneous radiation
noise and end surface reflection generated in an optical
signal amplification process affect an effect of the optical
amplification apparatus to some extent. Therefore, in dif-
ferent scenarios, an optical isolator may be additionally
added to improve performance of the optical amplification
apparatus. Specifically, the optical isolator may be ar-
ranged at the plurality of input ends or the plurality of
output ends, and is configured to isolate reflected light
of the first optical signals or reflected light of the plurality
of second optical signals. In a possible implementation,
the optical isolator is a multi-path shared optical isolator,
for example, an integrated optical isolator or a spatial
optical isolator. This is not specifically limited herein.
[0139] In this embodiment, a bidirectional pumping
manner may further be used, that is, a multi-port wave-
length division multiplexing coupler and a pump source
are respectively arranged at two ends of the active optical
fiber connection cables of the array, to implement bidi-
rectional pumping on a gain medium in the active optical
fiber connection cables.
[0140] Specifically, refer to FIG. 10. The optical ampli-
fication apparatus shown in FIG. 10 is an optical ampli-
fication apparatus formed by using a bidirectional pump-
ing manner. In addition to components of the optical am-
plification apparatus shown in FIG. 2, the optical ampli-
fication apparatus further includes a second multi-port
wavelength division multiplexing coupler and a second
pump source. In the arrangement manner, a plurality of
output ends may be used as input ends to receive a plu-
rality of first target optical signals, and wavelengths of
the plurality of first target optical signals are different. The
plurality of input ends may be further used as output ends,
and are configured to output a plurality of second target
optical signals. The second target optical signals are op-
tical signals obtained by amplifying the first target optical
signals.
[0141] Specifically, the second pump source is config-
ured to provide second pump light, and the second pump
light is configured to amplify the plurality of first target
optical signals. After the plurality of first target optical
signals are received by the plurality of output ends, the
plurality of first target optical signals are transmitted to
the second multi-port wavelength division multiplexing
coupler through a plurality of second connection ports of
the second multi-port wavelength division multiplexing
coupler, so that the second multi-port wavelength division
multiplexing coupler couples the second pump light and
the first target optical signals. The second pump light is
coupled to the first target optical signals to obtain third
target optical signals, and the third target optical signals
are transmitted from the second multi-port wavelength
division multiplexing coupler to an active optical fiber con-
nection cable. The active optical fiber connection cable
is further configured to transmit and amplify a plurality of
third target optical signals, and output optical signals ob-
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tained by transmitting and amplifying the third target op-
tical signals from the plurality of input ends.
[0142] In this embodiment of this application, a wave-
length division multiplexing coupler is connected to the
plurality of input ends, and performs optical amplification
on the plurality of first optical signals with different wave-
lengths, and the active optical fiber connection cable
transmits and amplifies the first optical signals, so that a
size of an optical amplification apparatus is reduced, and
a space required for deploying an array of the optical
amplification apparatus is reduced. This simplifies de-
ployment of the optical amplification apparatus.
[0143] FIG. 11 is a schematic structural diagram of an
optical amplification system according to an embodiment
of this application.
[0144] The optical amplification system includes an op-
tical amplifier board 1 and an optical backplane. The op-
tical amplifier board 1 further includes a multi-port wave-
length division multiplexing coupler and a pump source.
The optical backplane includes an active optical fiber
connection cable. As shown in FIG. 11, a port of the multi-
port wavelength division multiplexing coupler in the op-
tical amplifier board 1 is connected to the active optical
fiber connection cable in the optical backplane. When an
optical signal is transmitted from the optical port of the
optical amplifier board 1 to an optical port of an optical
amplifier board 2, the optical signal is coupled to pump
light emitted by the pump source through the multi-port
wavelength division multiplexing coupler in the optical
amplifier board 1, then is transmitted to the active optical
fiber connection cable in the optical backplane for further
optical amplification, and then is transmitted to the optical
port of the optical amplifier board 2. The active optical
fiber connection cable serves as a connection optical fib-
er in the original optical backplane. Because a transmis-
sion direction of the optical signal is the same as a trans-
mission direction of the pump light, an optical amplifica-
tion system of a forward pump is formed.
[0145] In this embodiment, functions of the pump
source, the multi-port wavelength division multiplexing
coupler and the active optical fiber connection cable are
similar to functions of the first pump source, the first multi-
port wavelength division multiplexing coupler, and the
active optical fiber connection cable of the optical ampli-
fication apparatus in the embodiment shown in FIG. 2,
and details are not repeated herein.
[0146] In this embodiment of this application, the opti-
cal amplification apparatus is arranged in the optical am-
plifier board 1 and the optical backplane respectively, to
form an optical amplification system, thereby improving
flexibility of configuration of the optical amplification sys-
tem.
[0147] FIG. 12 is a schematic structural diagram of an
optical backplane according to an embodiment of this
application.
[0148] The optical backplane includes a multi-port
wavelength division multiplexing coupler and an active
optical fiber connection cable. The multi-port wavelength

division multiplexing coupler is connected to the active
optical fiber connection cable, and the multi-port wave-
length division multiplexing coupler is further connected
to a pump source. The pump source may be arranged
outside the optical backplane, or may be arranged inside
the optical backplane, which is not specifically limited
herein.
[0149] In a use scenario, the optical amplifier board 1
is connected to a multi-port wavelength division multi-
plexing coupler in the optical backplane through an op-
tical port, and the optical port transmits an optical signal
to the multi-port wavelength division multiplexing cou-
pler. The multi-port wavelength division multiplexing cou-
pler couples the optical signal and the pump light, and
transmits the coupled optical signal to an optical port of
the optical amplifier board 2 through the active optical
fiber connection cable.
[0150] In this embodiment, functions of the pump
source, the multi-port wavelength division multiplexing
coupler and the active optical fiber connection cable are
similar to functions of the first pump source, the first multi-
port wavelength division multiplexing coupler, and the
active optical fiber connection cable of the optical ampli-
fication apparatus in the embodiment shown in FIG. 2,
and details are not repeated herein.
[0151] In this embodiment of this application, a wave-
length division multiplexing coupler performs optical am-
plification on a plurality of first optical signals with different
wavelengths, so that a size of the optical backplane is
reduced, and a space required for deploying the optical
backplane is reduced. This simplifies deployment of the
optical backplane.
[0152] FIG. 13 is a schematic structural diagram of an
optical amplifier board according to an embodiment of
this application.
[0153] The optical amplifier board includes a multi-port
wavelength division multiplexing coupler, an active opti-
cal fiber connection cable, and a pump source. The pump
source is connected to the first multi-port wavelength di-
vision multiplexing coupler.
[0154] In this embodiment, functions of the pump
source, the multi-port wavelength division multiplexing
coupler and the active optical fiber connection cable are
similar to functions of the first pump source, the first multi-
port wavelength division multiplexing coupler, and the
active optical fiber connection cable of the optical ampli-
fication apparatus in the embodiment shown in FIG. 2,
and details are not repeated herein.
[0155] In this embodiment of this application, a wave-
length division multiplexing coupler performs optical am-
plification on a plurality of first optical signals with different
wavelengths, so that a size of an optical amplifier board
integrating an optical amplification apparatus is reduced,
and a space required for deploying the optical amplifier
board integrating the optical amplification apparatus is
reduced. This simplifies deployment of the optical ampli-
fier board integrating the optical amplification apparatus.
[0156] FIG. 14 is another schematic structural diagram
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of an optical amplifier board according to an embodiment
of this application.
[0157] The optical amplifier board includes a multi-port
wavelength division multiplexing coupler and a pump
source. The pump source is connected to the first multi-
port wavelength division multiplexing coupler.
[0158] In this embodiment, functions of the pump
source and the multi-port wavelength division multiplex-
ing coupler are similar to functions of the first pump
source and the first multi-port wavelength division multi-
plexing coupler of the optical amplification apparatus in
the embodiment shown in FIG. 2, and details are not
repeated herein.
[0159] In this embodiment of this application, a wave-
length division multiplexing coupler performs optical am-
plification on a plurality of first optical signals with different
wavelengths, so that a size of an optical amplifier board
integrating an optical amplification apparatus is reduced,
and a space required for deploying the optical amplifier
board integrating the optical amplification apparatus is
reduced. This simplifies deployment of the optical ampli-
fier board integrating the optical amplification apparatus.
[0160] FIG. 3 is a schematic structural diagram of a
multi-port wavelength division multiplexing coupler ac-
cording to an embodiment of this application.
[0161] The multi-port wavelength division multiplexing
coupler includes a plurality of first connection ports and
a fused-tapered region. A plurality of first connection
ports are configured to receive a plurality of first optical
signals with different wavelengths. The plurality of first
connection ports are further configured to receive first
pump light for amplifying the plurality of first optical sig-
nals. The fused-tapered region is configured to couple
the plurality of first optical signals and the first pump light.
[0162] In this embodiment, a function of the multi-port
wavelength division multiplexing coupler is similar to a
function of the first multi-port wavelength division multi-
plexing coupler in the embodiment shown in FIG. 2, and
details are not repeated herein.
[0163] In embodiments of this application, a wave-
length division multiplexing coupler performs optical am-
plification on a plurality of first optical signals with different
wavelengths, so that a size of an optical amplification
apparatus is reduced, and a space required for deploying
the optical amplification apparatus is reduced. This sim-
plifies deployment of the optical amplification apparatus.

Claims

1. An optical amplification apparatus, comprising:

a plurality of input ends, configured to receive a
plurality of first optical signals with different
wavelengths;
a plurality of output ends, configured to output
a plurality of second optical signals, wherein the
plurality of second optical signals are optical sig-

nals obtained by amplifying the plurality of first
optical signals;
a first pump source, wherein the first pump
source is configured to provide first pump light
for amplifying the plurality of first optical signals;
a first multi-port wavelength division multiplex-
ing coupler, wherein the first multi-port wave-
length division multiplexing coupler comprises
a plurality of first connection ports connected to
the plurality of input ends, and the first multi-port
wavelength division multiplexing coupler is con-
figured to couple the plurality of first optical sig-
nals and the first pump light; and
an active optical fiber connection cable, wherein
the active optical fiber connection cable com-
prises an active doped fiber for transmitting and
amplifying a plurality of third optical signals, and
the plurality of third optical signals are optical
signals obtained by coupling the plurality of first
optical signals to the first pump light; and
the plurality of input ends are connected to the
first multi-port wavelength division multiplexing
coupler, the first pump source is connected to
the first multi-port wavelength division multiplex-
ing coupler through a first optical fiber connec-
tion cable, the first multi-port wavelength divi-
sion multiplexing coupler is connected to the ac-
tive optical fiber connection cable, the active op-
tical fiber connection cable is connected to the
plurality of output ends, and the first optical fiber
connection cable is configured to transmit the
first pump light.

2. The optical amplification apparatus according to
claim 1, wherein the first multi-port wavelength divi-
sion multiplexing coupler comprises a fused-tapered
region, the fused-tapered region comprises a plural-
ity of second optical fiber connection cables respec-
tively connected to the plurality of first connection
ports, so that the plurality of first optical signals are
transmitted through the second optical fiber connec-
tion cables, and the first optical fiber connection ca-
ble is coupled to the plurality of second optical fiber
connection cables in the fused-tapered region.

3. The optical amplification apparatus according to
claim 2, wherein the fused-tapered region further
comprises a plurality of third optical fiber connection
cables respectively arranged between the first opti-
cal fiber connection cable and the plurality of second
optical fiber connection cables, the first optical fiber
connection cable is coupled to the third optical fiber
connection cables, and the third optical fiber connec-
tion cables are coupled to the second optical fiber
connection cables.

4. The optical amplification apparatus according to
claim 2, wherein the first optical fiber connection ca-
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ble is separately bound with the plurality of second
optical fiber connection cables.

5. The optical amplification apparatus according to any
one of claims 1 to 4, further comprising:
a gain flattening filter, wherein the gain flattening filter
is configured to perform gain flattening on fourth op-
tical signals, the fourth optical signals are optical sig-
nals obtained by transmitting and amplifying the third
optical signals by the active doped fiber, and the gain
flattening filter is arranged on the active optical fiber
connection cable.

6. The optical amplification apparatus according to
claim 5, wherein the gain flattening filter is a grating.

7. The optical amplification apparatus according to
claim 6, wherein a wavelength of the grating is set
to a wavelength section of the fourth optical signal,
so that the grating performs a function of gain flat-
tening filtering on the fourth optical signals.

8. The optical amplification apparatus according to
claim 6, wherein a wavelength of the grating is set
to a wavelength section of the first pump light, so
that the grating performs power distribution regula-
tion on the first pump light.

9. The optical amplification apparatus according to any
one of claims 1 to 8, wherein the plurality of output
ends are further configured to receive a plurality of
first target optical signals with different wavelengths;

the plurality of input ends are further configured
to output a plurality of second target optical sig-
nals, wherein the plurality of second target op-
tical signals are optical signals obtained by am-
plifying the first target optical signals;
the optical amplification apparatus further com-
prises:

a second pump source, wherein the second
pump source is configured to provide sec-
ond pump light, and the second pump light
is configured to amplify the plurality of first
target optical signals; and
a second multi-port wavelength division
multiplexing coupler, wherein the second
multi-port wavelength division multiplexing
coupler comprises a plurality of second con-
nection ports, the plurality of second con-
nection ports are connected to the plurality
of output ends, and the second multi-port
wavelength division multiplexing coupler is
configured to couple the plurality of first tar-
get optical signals and the second pump
light;
the active doped fiber is further configured

to transmit and amplify a plurality of third
target optical signals, and the plurality of
third target optical signals are optical sig-
nals obtained by coupling the plurality of first
target optical signals to the second pump
light; and
the plurality of output ends are connected
to the second multi-port wavelength division
multiplexing coupler, the second pump
source is connected to the second multi-
port wavelength division multiplexing cou-
pler, the second multi-port wavelength divi-
sion multiplexing coupler is connected to
the active optical fiber connection cable,
and the active optical fiber connection cable
is connected to the first multi-port wave-
length division multiplexing coupler.

10. A multi-port wavelength division multiplexing cou-
pler, comprising:

a plurality of first connection ports, configured
to receive a plurality of first optical signals with
different wavelengths; and
the plurality of first connection ports are further
configured to receive first pump light for ampli-
fying the plurality of first optical signals; and
a fused-tapered region, configured to couple the
plurality of first optical signals and the first pump
light.

11. The multi-port wavelength division multiplexing cou-
pler according to claim 10, wherein the fused-ta-
pered region comprises a first optical fiber connec-
tion cable, configured to transmit the first pump light;

the fused-tapered region further comprises a
plurality of second optical fiber connection ca-
bles, wherein the plurality of second optical fiber
connection cables are configured to transmit the
first optical signals; and
the first optical fiber connection cable is coupled
to the plurality of second optical fiber connection
cables in the fused-tapered region.

12. The multi-port wavelength division multiplexing cou-
pler according to claim 11, wherein the fused-ta-
pered region further comprises a plurality of third op-
tical fiber connection cables respectively arranged
between the first optical fiber connection cable and
the plurality of second optical fiber connection ca-
bles, the first optical fiber connection cable is coupled
to the third optical fiber connection cables, and the
third optical fiber connection cables are coupled to
the second optical fiber connection cables.

13. The multi-port wavelength division multiplexing cou-
pler according to claim 12, wherein the first optical
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fiber connection cable is separately bound with the
plurality of second optical fiber connection cables.

14. An optical amplifier board, comprising:

a first pump source, wherein the first pump
source is configured to provide first pump light;
and
a first multi-port wavelength division multiplex-
ing coupler, configured to receive a plurality of
first optical signals with different wavelengths;
the first multi-port wavelength division multiplex-
ing coupler is further configured to couple the
plurality of first optical signals and the first pump
light; and
the first pump source is connected to the first
multi-port wavelength division multiplexing cou-
pler.

15. The optical amplifier board according to claim 14,
wherein the first multi-port wavelength division mul-
tiplexing coupler comprises a fused-tapered region,
and the fused-tapered region comprises a first opti-
cal fiber connection cable for transmitting the first
pump light;

the fused-tapered region further comprises a
plurality of second optical fiber connection ca-
bles, wherein the plurality of second optical fiber
connection cables are configured to transmit the
first optical signals; and
the first optical fiber connection cable is coupled
to the plurality of second optical fiber connection
cables in the fused-tapered region.

16. The optical amplifier board according to claim 15,
wherein the fused-tapered region further comprises
a plurality of third optical fiber connection cables re-
spectively arranged between the first optical fiber
connection cable and the plurality of second optical
fiber connection cables, the first optical fiber connec-
tion cable is coupled to the third optical fiber connec-
tion cables, and the third optical fiber connection ca-
bles are coupled to the second optical fiber connec-
tion cables.

17. The optical amplifier board according to claim 15,
wherein the first optical fiber connection cable is sep-
arately bound with the plurality of second optical fiber
connection cables.

18. The optical amplifier board according to claims 14
to 17, further comprising:
an active optical fiber connection cable, wherein the
active optical fiber connection cable comprises an
active doped fiber for transmitting and amplifying a
plurality of third optical signals, the plurality of third
optical signals are optical signals obtained by cou-

pling the plurality of first optical signals to the first
pump light, the plurality of first optical signals are
received by the first multi-port wavelength division
multiplexing coupler, and wavelengths of the plural-
ity of first optical signals are different.

19. The optical amplifier board according to any one of
claims 14 to 18, further comprising:
a gain flattening filter, wherein the gain flattening filter
is configured to perform gain flattening on fourth op-
tical signals, the fourth optical signals are optical sig-
nals obtained by transmitting and amplifying the third
optical signals by the active doped fiber, and the gain
flattening filter is arranged on the active optical fiber
connection cable.

20. The optical amplifier board according to claim 19,
wherein the gain flattening filter is a grating.

21. The optical amplifier board according to claim 20,
wherein a wavelength of the grating is set to a wave-
length section of the fourth optical signal, so that the
grating performs a function of gain flattening filtering
on the fourth optical signals.

22. The optical amplifier board according to claim 21,
wherein a wavelength of the grating is set to a wave-
length section of the first pump light, so that the grat-
ing performs power distribution regulation on the first
pump light.

23. An optical backplane, comprising:

a first multi-port wavelength division multiplex-
ing coupler, configured to receive a plurality of
first optical signals with different wavelengths;
a first optical fiber connection cable, configured
to receive first pump light sent by a first pump
source; and
an active optical fiber connection cable, wherein
the active optical fiber connection cable com-
prises an active doped fiber for transmitting and
amplifying a plurality of third optical signals, and
the plurality of third optical signals are optical
signals obtained by coupling the plurality of first
optical signals to the first pump light; and
the first optical fiber connection cable is connect-
ed to the first multi-port wavelength division mul-
tiplexing coupler, and the active optical fiber con-
nection cable is connected to the first multi-port
wavelength division multiplexing coupler.

24. An optical amplification system, comprising:

an optical amplifier board, wherein the optical
amplifier board comprises a first pump source
configured to provide first pump light;
the optical amplifier board further comprises a
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first multi-port wavelength division multiplexing
coupler, configured to receive a plurality of first
optical signals with different wavelengths;
the first multi-port wavelength division multiplex-
ing coupler is further configured to couple the
plurality of first optical signals and the first pump
light; and
the first pump source is connected to the first
multi-port wavelength division multiplexing cou-
pler; and
an optical backplane, wherein the optical back-
plane comprises an active optical fiber connec-
tion cable, the active optical fiber connection ca-
ble comprises an active doped fiber for trans-
mitting and amplifying a plurality of third optical
signals, and the plurality of third optical signals
are optical signals obtained by coupling the plu-
rality of first optical signals to the first pump light;
and
the optical amplifier board is connected to the
optical backplane.
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